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Introduction {#sec006}
============

Malaria is a serious and sometimes life-threatening infectious disease that affects humans and other animals, caused by several species of the Plasmodium parasite and transmitted by the bite of an infected Anopheles mosquito. Malaria typically manifests as a febrile illness that can be fatal if unrecognized, especially in young children. Approximately 3.2 billion people live in malaria endemic areas, and, in 2015, there were an estimated 214 million cases and 438,000 deaths attributable to the disease. Most of these deaths occurred in sub-Saharan African countries in children under five years of age \[[@pone.0217980.ref001]\]

Febrile illness is fever (defined as temperature \>38°C \[[@pone.0217980.ref002]\]) without localizing features and is among the most common reasons for persons to seek health care in low and middle-income countries \[[@pone.0217980.ref001]\]. Data from community-based infection prevalence in childhood above 34--37%, show that 50% or more of fevers are likely to be associated with malaria infection \[[@pone.0217980.ref003]\]. For patients who present with fever without localizing features, clinical diagnosis is difficult and malaria may be the default diagnosis.

In many malaria endemic areas, including Burkina Faso, more than half of these febrile children are considered not to be infected with malaria, as the incidence of this disease is declining due to increased control efforts over the last decade \[[@pone.0217980.ref003]--[@pone.0217980.ref006]\]. This combined with the guidelines of the World Health Organization (WHO) that recommend confirming a malaria infection in febrile children through a diagnostic test before giving antimalarial treatment \[[@pone.0217980.ref007]\], prompts the need to search for an alternative cause of fever. This has created a diagnostic dilemma for health workers, by having a large group of patients with so called "unexplained" or "non-malaria" fever and with few or no diagnostic tools available to guide the subsequent management of these febrile cases.

Non-malarial febrile illnesses (NMFI) are infectious diseases affecting patients who show signs of indistinguishable fever thus necessitate use of malaria diagnostic tests, but these tests turn out to be negative for malaria \[[@pone.0217980.ref003]\]. Laboratory assays for many febrile diseases are often complex, costly, and may have limitations of sensitivity and specificity; and are not widely available in areas where epidemiologic information on the etiology of febrile illness is sparse \[[@pone.0217980.ref004]\].

NMFI accounts for about half of all fever presenting morbidities among under-five children in sub-Saharan Africa. A study of 70,666 fevers identified across 42 sub-Saharan countries estimated that there were 655.6 million reported fevers in 2007. Malaria did not appear to be the major driver of fever among the children, highlighting the importance of building a clearer picture of causes of NMFI to inform both patient management and prevention efforts. NMFI is known to carry case fatality ratios that equal or exceed malaria in low-resource areas.\[[@pone.0217980.ref004]\]. Most NMFI among children are caused by bacteria and viruses \[[@pone.0217980.ref005],[@pone.0217980.ref006]\]. This implies the need for 'test before treat' as opposed to presumptive treatment of fevers as malaria, to avoid unwanted consequences \[[@pone.0217980.ref007]\]. Many studies have reported cases of prescription of antimalarial medications to febrile under-fives who were negative for malaria \[[@pone.0217980.ref008]--[@pone.0217980.ref010]\] with some showing that more than 90% of prescriptions for antimalarial drugs in low-moderate transmission settings were for patients for whom a test requested by a clinician was negative for malaria \[[@pone.0217980.ref011]\]. Despite the presence of quality-assured malarial Rapid Diagnostic Tests (mRDTs) and parasitological tests, children under-five in Africa are often treated with malaria drugs when they do not have malaria, contributing to increased incidences of antimalarial drug resistance, as well as failure to treat the actual underlying causes of fever \[[@pone.0217980.ref008],[@pone.0217980.ref012]\]. Antimalarial prescription to patients before carrying out laboratory tests of malarial antigens increases child mortality \[[@pone.0217980.ref009],[@pone.0217980.ref012],[@pone.0217980.ref013]\]. Over-diagnosis and over-treatment of malaria in children under-five poses a threat to the survival of admitted children, especially in the critical 48 hours of admission \[[@pone.0217980.ref005]\].

In Tanzania, the main clinical diagnoses among febrile under-fives who test negative for malaria include respiratory tract infections, pneumonia and urinary tract infections \[[@pone.0217980.ref009]\]. In Kenya, symptoms including fever, appetite loss, vomiting, headache and diarrhea were significantly more common among febrile under five children tested negative for malaria than those tested positive. These under-fives were however prescribed antimalarial drugs \[[@pone.0217980.ref014]\].

Literature supports several factors as predictors for prescription of antimalarial drugs to children tested negative for malaria. Clinical assessment findings, demographic characteristics of the child and in some cases, the healthcare workers characteristics have been associated with treatment type (malarial/non-malarial) of non-malarial febrile illnesses in children aged five years and under \[[@pone.0217980.ref009],[@pone.0217980.ref014],[@pone.0217980.ref015]\]. Odds of prescribing antimalarial medications to inpatient febrile under-fives who were negative for malaria were more than three times as compared to outpatient under-fives \[[@pone.0217980.ref009]\]. In Kenya, World Health Organization Integrated Management of Childhood Illness (IMCI), danger signs (unable to drink/ breastfeed, vomits everything, convulsions, lethargic/unconscious) and fever lasting ≥7 days and ≥39° C were predictors for prescribing antimalarial drugs \[[@pone.0217980.ref015]\]. In Nigeria, fever, decreased appetite, and temperatures between 38°C and 41°C were associated with children prescribed with antimalarial drugs \[[@pone.0217980.ref016]\]. In Tanzania, health care providers working at hospitals significantly increased odds about four-fold to prescribe antimalarial as compared to health care providers working in the dispensaries\[[@pone.0217980.ref009]\]. Study in Nigeria reported no difference between proportion of male and female febrile children aged less than 60 months who were prescribed antimalarial drugs having tested negative for malaria \[[@pone.0217980.ref017]\].

Public health implications {#sec007}
--------------------------

Sustainable Development Goals (SDGs) aim to significantly reduce childhood mortality to less than 25 from 43 per 1,000 live births globally. A major reduction in mortality due to infectious diseases in most low and middle income countries is necessary for the achievement of the SDGs \[[@pone.0217980.ref018]\]. In Kenya, under-five mortality rate stands at 52 deaths per 1,000 \[[@pone.0217980.ref019]\]. Childhood malaria has received significant funding and with increased availability of RDTs, it has been shown that confirmed malaria cases are on the decline \[[@pone.0217980.ref020]\]. However, there is a growing number of NMFI in limited resource settings, especially in Sub-Saharan Africa. Consequently, the limited resource settings do not have the tools to manage the subsequently recognized NMFI which results in incompatibilities between confirmed diagnosis and treatment of the actual diagnoses \[[@pone.0217980.ref021]\]. Several bacterial, viral and parasitic infections that cause febrile illness have a non-specific clinical presentation, making it difficult for a healthcare worker to distinguish one from another based solely on clinical history taking and performing a physical examination \[[@pone.0217980.ref022]\]. This study sought to identify the clinical and demographic factors associated with treatment type (malarial/non-malarial) of non-malarial febrile illnesses and treatment outcome, in children aged five years and under, admitted at the Kenyatta National Hospital. This would help inform healthcare providers on the correct management and treatment of non-malarial febrile illnesses in under-fives.

Materials and methods {#sec008}
=====================

Study site {#sec009}
----------

Kenya sitting astride the equator is located in the eastern region of Sub-Saharan Africa, with a population of approximately 47 million and an under five mortality rate of 52 per 1000 \[[@pone.0217980.ref019]\]. Four million of these citizens reside in Nairobi, the capital city of Kenya.

Malaria still remains a major public health problem in Kenya and accounts for an estimated 16% of outpatient consultations based on data from the routine health information system \[[@pone.0217980.ref019]\]. Malaria transmission and infection risk in Kenya is determined largely by altitude, rainfall patterns, and temperature. The two rainy seasons are the long rains occurring from March to May and the short rains from October to December. Temperatures are highest from February to March and lowest from July to August. Therefore, malaria prevalence varies considerably by season and across geographic regions \[[@pone.0217980.ref023]\].

Prevalence data from a study using cross-sectional data extracted from the Kenya Malaria Indicator Survey (2015) showed that prevalence of malaria in children 10--14 years was 10.22%, while in children under the age of 5 it was 4.83%. Malaria prevalence was also found to be higher among male children (8.23%) than female children (8.04%) \[[@pone.0217980.ref024]\].

This study was conducted at Kenyatta National Hospital (KNH), the largest public, tertiary referral hospital in Kenya and located in Nairobi, therefore the apex of health system in Kenya. The hospital receives most of the severe referred cases of childhood fevers from across the country. Approximately, 84% of all the children received in Kenyatta Hospital between July and August 2011 presented with fever \[[@pone.0217980.ref025]\].

Study design {#sec010}
------------

The study adopted a positivist epistemological approach with a cross-sectional, descriptive study design. The design was appropriate since the study tested the degree of association between and among variables at a specific point in time. This study design determines the status of phenomena without controlling or manipulating variables \[[@pone.0217980.ref026]\] and is concerned with hypotheses formulation and testing between variables \[[@pone.0217980.ref027]\].

The primary outcome variable in this study was measured through a proxy variable, which allows for a variable that cannot be confirmed to be included in the model to be estimated \[[@pone.0217980.ref028]\]. NMFI is loosely defined as all febrile illnesses that do not have malaria as its etiology. With the use of secondary data, these NMFIs cannot be confirmed hence a proxy procedure was conducted in two phases. In the first phase, those who received the antimalarial medication despite whether they had a positive or negative microscopy result were first isolated. The study then zeroed in on those who received the correct antimalarial prescription (antimalarial prescribed for patient with positive microscopy result) in the second phase. This was then used to establish the patients who received antimalarial medication despite having negative microscopy results as incorrectly treated NMFIs.

Data collection {#sec011}
---------------

Medical records of children aged five years and under, admitted with febrile illness from March-August 2017, defined as the long rainy season in Kenya \[[@pone.0217980.ref023]\] was used. It is estimated that 69% of children that were admitted in county hospitals in western Kenya tested negative for malaria but were treated with malarial drugs \[[@pone.0217980.ref029]\]. Using Cochran (2007) formula, the number of children to be involved in this study was given by; $$\text{n} = (\text{Z}\hat{}2 \times \text{p} \times (1 - \text{p}))/\text{d}\hat{}2 = (〖1.96〗\hat{}2 \times 0.69 \times (1 - 0.69))/〖0.05〗\hat{}2 = 328.7 \approx 329\mspace{360mu}\text{medical}\mspace{360mu}\text{records}.$$

Where Z is the standard normal variate, p is the proportion of children who test negative for malaria and were treated with malaria drugs, n is the desired sample size and d is the margin of error. Nevertheless, all the records during this period were used to eliminate selection bias.

Data was obtained from the health information department at KNH. Data obtained on admission of the febrile patients including; medical history, clinical assessment and treatment was provided by attending medical doctors. Standardized training is provided in Kenyan medical schools on history taking and performance of a physical examination. These are supplemented with management guidelines of various illnesses by the health facilities, Ministry of Health and the WHO. Relevant data to the study including; clinical examinations (recorded as yes or no), diagnostic test results, and demographic data on the child's sex and age was extracted from patient records and entered electronically into study database using Epi-Data Manager software within the hospital premises. The database was password protected to ensure safety and confidentiality of data. Upon completion of data extraction and entry into Epi-Data Manager, the database file was exported to Statistical Package for Social Sciences (SPSS) version 20 for analysis.

### Inclusion criteria {#sec012}

Children aged five years and under.

Admission temperature of 38° C and above.

### Exclusion criteria {#sec013}

Children referred to KNH with a known diagnosis of malaria, for further management.

Children aged five years and under whose medical records had missing information on more than two study variables.

Admission temperature of below 38°C.

Ethics statement {#sec014}
----------------

Ethical approval was obtained from University of Liverpool Research Ethics Committee and Kenyatta National Hospital-University of Nairobi Ethics Research Committee (KNH-UoN, ERC) (P489/08/2017) and authorization provided by the Kenyatta National Hospital Health Information Department before the actual study commenced. The Epi-Data Manager entry template was developed in a way that de-identified the patients during extraction and ensured that none of the information could be linked back to the patients. Data will be kept securely for five years from the time of extraction from hospital.

Data management and analysis {#sec015}
----------------------------

The data was collected and recorded in two parts, diagnosis and treatment sections. The diagnosis section contained eight, and treatment section had two elements of assessments. The first treatment element of assessment (Was the child correctly prescribed an antimalarial after a positive microscopy result?) was used as proxy to measure the variable of interest which is the children under-five who tested negative for malaria but were treated with antimalarial medication while postulated to be suffering from NMFI.

All the responses to the questions were YES/NO except the age variable which was recorded as numbers. The gender variable was captured as Female/Male.

### Main variables {#sec016}

The YES/NO responses were coded in SPSS IBM 20 as 1/0 respectively. While gender F/M was coded as 1/2 respectively.

Age variable was recoded into a factor variable because there were cases of \< 1 (less than one year) which was not specified in months; hence it was recorded as ordinal data.

### Other variable {#sec017}

The variable which was indicating whether the patient is deceased or not deceased was created as Deceased/Not deceased and coded as 1/0 respectively.

### Outcome variables {#sec018}

The primary outcome variable was the children with NMFI treated with antimalarial drugs despite negative microscopy results measured indirectly using correct/incorrect prescription of antimalarial after microscopy results responded to as YES/NO respectively and coded as 1/0 in SPSS.

The secondary outcome Variable was whether the patient was Deceased/Not deceased at the time of discharge and was coded as 0/1 respectively.

To capture the No response and Not Applicable (N/A) the codes assigned to these variables was 99 and 88 respectively.

A total of 341 surveys were numbered from 1 to 341 as per standard rule for data entry. This helped to identify and track the surveys to avoid erroneous entry. The data was then entered to SPSS and screened for errors before being used for analysis.

### Analysis procedures {#sec019}

The data to assess the primary outcome was rigorously processed using R programming analytic software and SPSS IBM 20. The frequencies of the variables were run using SPSS to check if there were any missing data points as usually reported by the frequency output tables. There were two missing data points on patients' identification number. This variable would be important in tracing the patients' records in the database if required but had no effect on the analysis and results.

There were two treatment questions in the data capture sheet; the primary outcome question (Was the child correctly prescribed an antimalarial after a positive microscopy result) serving as the proxy variable and the isolating variable (Is it verified that the child with a negative microscopy result did not receive an antimalarial). Those who answered the first question with a YES/NO the second one was N/A, and vice versa. The data evaluated for the primary outcome was 72 cases (n = 72) and 269 cases (n = 269) for the second outcome variable.

The descriptive statistics was done using SPSS. The descriptive analysis was done in two steps. The frequencies of all the variables were generated and tabulated in the predefined table. The crosstab analysis was generated for specific variables to assess the relationship between the primary outcome and the predictors displayed in the tables.

### Statistical tests {#sec020}

The data set is categorical data comprising of the YES/NO responses. Male/Female and numerical age variables were transformed to ordinal data type. Non-parametric/categorical chi-square test was used to establish associations between outcome variable and exposure factors. On the other hand, binary logistic regression was used to model the categorical outcome variables against the categorical exposure factors.

Chi square test was done to test the associations between two variables, outcome variable and a predictor (bivariate). The results from the chi square test were recorded in the tables.

Binary logistic regression analysis was conducted using R to assess the association of the predictors and the binary outcome variables. The data was converted to comma separated values (CSV) and exported to R. The results between the primary variable and the predictor's variables were generated and recorded in the tables. The secondary variable was assessed against all the predictor variables to test if there were any associations. The binary logistic model yielded odd ratios, p-values and confidence intervals (CI) for drawing valid conclusions.

Results {#sec021}
=======

The study used records from 341 children aged five years and under with fever of 38°C and above. The study findings were categorized into the following themes:

-   Demographic characteristics;

-   Clinical factors (exposures);

-   Treatment outcomes;

-   Relationship between outcomes and clinical factors (exposures);

-   Relationship between outcomes and demographic characteristics

Demographic characteristics {#sec022}
---------------------------

Most of the under-five patients (264) in this study who were admitted at the hospital were aged one and below, making 77.48% of the total admission ([Fig 1](#pone.0217980.g001){ref-type="fig"}). The study sample comprised of majority males 186 (54.5%) with 155 (45.5%) females.

![Under-fives admitted at Kenyatta National Hospital with febrile illness from March-August 2017 by age.](pone.0217980.g001){#pone.0217980.g001}

Clinical factors (Exposures) {#sec023}
----------------------------

Exposures were reported based on clinical factors that were assessed as indicated in the files by the attending clinician on admission of the patient. Hours since fever onset were noted in 262(76.8%) children. Immunization cards were assessed among 196(57.5%) children. Temperature was taken for 337(98.8%) children. Danger signs which included 'at least 3 main symptoms (cough, diarrhea, fever ear problem)' was assessed and noted in 253(74.2%) children. Presence or absence of respiratory distress (stridor, severe chest in-drawing, subcostal retractions or grunting) was noted in 261(76.5%) children. Pallor, jaundice, and sunken eyes were assessed in 320(93.8%) children. Lethargy, prostration, unconsciousness or either irritability and restlessness was assessed among 197(57.8%). ([Table 1](#pone.0217980.t001){ref-type="table"}).

10.1371/journal.pone.0217980.t001

###### Clinical factors (Exposures).

![](pone.0217980.t001){#pone.0217980.t001g}

  Clinical factors (Exposures)                                                                                                Frequency (n = 341)   Percent (%)
  --------------------------------------------------------------------------------------------------------------------------- --------------------- -------------
  Hours since fever onset noted                                                                                               262                   76.8
  Immunization card assessed                                                                                                  196                   57.5
  Temperature taken                                                                                                           337                   98.8
  Danger signs indicated                                                                                                      253                   74.2
  At least 3 main symptoms assessed and noted (cough, diarrhea, fever ear problem)                                                                  
  Note of presence or absence of respiratory distress (Stridor, severe chest in-drawing, subcostal retractions or grunting)   261                   76.5
  Child assessed for pallor, jaundice, sunken eyes                                                                            320                   93.8
  Child assessed for lethargy, prostration, unconsciousness or either irritability and restlessness                           197                   57.8

Treatment outcome {#sec024}
-----------------

Treatment outcome was classified into two; primary and secondary outcome. Primary outcome was based on either correct or incorrect treatment used as a proxy to measure NMFI treated with antimalarial drugs. Among the 341 children sampled, a section of 72(21.1%) were prescribed with antimalarial medication. Among the 72 children, 28(8.2%) were correctly prescribed with antimalarial while 44(12.9%) were incorrectly prescribed with an antimalarial despite a negative microscopy result. The group of 44(12.9%) forms the variable of interest measured indirectly by first isolating those who received antimalarial medication (whether or not they had a positive microscopy result), then zeroed in to those who received the correct antimalarial prescription following positive microscopy result. Hence the primary outcome variable of the study was measured through proxy procedure.

The secondary outcome was captured on basis of whether the patient was deceased/Not deceased at the time of discharge. This is a derived variable to describe whether the death of the patient can be linked to the incorrect treatment of the NMFI with antimalarial drugs. A proportion of 14.1% (48/341) of the patients in this study were deceased at the time of discharge ([Table 2](#pone.0217980.t002){ref-type="table"}). Of this proportion deceased, 11.4% (5/44) patients were treated with antimalarial drugs despite negative microscopy results.

10.1371/journal.pone.0217980.t002

###### Outcome.

![](pone.0217980.t002){#pone.0217980.t002g}

  Outcome                        Frequency (n = 341)   Percent (%)
  ------------------------------ --------------------- -------------
  ***Primary (Treatment)***                            
  Correct malarial treatment     28                    8.2
  Incorrect malarial treatment   44                    12.9
  ***Secondary***                                      
  Deceased                       48                    14.1
  Not deceased                   293                   85.9

Relationship between outcome and clinical factors (Exposures) (n = 72) {#sec025}
----------------------------------------------------------------------

### Treatment (primary) outcome and clinical factors {#sec026}

Assessment of hours since fever onset; immunization cards; temperature; presence or absence of respiratory distress; pallor, jaundice, and sunken eyes; lethargy, prostration, unconsciousness or either irritability or restlessness were not significantly associated with treatment outcome (p-value \>0.05). Assessment of danger signs (cough, diarrhea, fever ear problem) significantly influenced treatment outcome (p-value = 0.004), see [Table 3](#pone.0217980.t003){ref-type="table"}.

10.1371/journal.pone.0217980.t003

###### Treatment outcome and clinical factors.

![](pone.0217980.t003){#pone.0217980.t003g}

  Clinical Variables                                                                           Treatment outcome (n)   P-value   Bivariate OR (95% CI)   P-value            Multivariate OR (95% CI)   
  -------------------------------------------------------------------------------------------- ----------------------- --------- ----------------------- ------------------ -------------------------- ------------------
  Hours since fever onset noted.                                                               \(28\)                  \(44\)    0.323                   0.51 (0.12,2.12)   0.312                      0.37(0.05,2.64)
  Immunization card assessed.                                                                                                    0.340                   0.71(0.27,1.88)    0.334                      0.52(0.13,2)
  Temperature taken.                                                                                                             0.996                   NA                 0.061                      NA
  Danger signs indicated[\*](#t003fn002){ref-type="table-fn"}.                                                                   0.103                   2.11(0.76,5.84)    0.089                      3.42(0.78,14.97)
  Note of presence or absence of respiratory distress[\*\*](#t003fn003){ref-type="table-fn"}                                     0.008                   0.49(0.17,1.41)    0.004                      0.13(0.03,0.58)
  General physical exam done[\*\*\*](#t003fn004){ref-type="table-fn"}.                                                           0.995                   NA                 0.261                      NA
  Neurological exam done [\*\*\*\*](#t003fn005){ref-type="table-fn"}                                                             0.419                   0.63(0.23,1.72)    0.415                      1.79(0.43,7.41)

C- Correct; I- Incorrect; OR- Odds ratio; CI- Confidence interval

\* At least 3 symptoms associated with febrile illness indicated in notes- Cough, diarrhea, fever, ear problem

\*\* Signs of respiratory distress- Stridor, severe chest in-drawing, subcostal retractions or grunting

\*\*\*Child assessed for pallor, jaundice, sunken eyes

\*\*\*\*Child assessed for lethargy, prostration, unconsciousness or either irritability and restlessness.

### Respiratory distress and antimalarial prescription {#sec027}

The prescription of antimalarial drugs despite negative microscopy results was significantly associated with whether the patient was checked on presence or absence of respiratory distress (X-square = 7.1598, P value = 0.0278). This implied that assessment of presence or absence of respiratory distress, influenced if the NMFI patient received antimalarial prescription even after negative microscopy results, see [Table 4](#pone.0217980.t004){ref-type="table"}. The patient whose respiratory status was checked based on (stridor, severe chest in-drawing, subcostal retractions or grunting) was significantly associated with antimalarial treatment after negative microscopy results (P value = 0.008, 95%CI (1.71, 37.07)). The patient whose respiratory status was checked was 0.13 CI (0.03,0.58) times less likely to receive antimalarial drugs after a negative microscopy result than one whose respiratory status was not checked.

10.1371/journal.pone.0217980.t004

###### Respiratory distress and antimalarial prescription.

![](pone.0217980.t004){#pone.0217980.t004g}

                                                                                                                                                                               Was the child correctly prescribed an antimalarial after a positive microscopy result?   Total               
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------- ------- ----- ----- ----
  Are there notes to indicate presence or absence of respiratory distress (Stridor, severe chest in-drawing, subcostal retractions or grunting)? If less than 3 indicate No.   NO                                                                                       18      7     55    80
  YES                                                                                                                                                                          26                                                                                       21      214   261   
  Total                                                                                                                                                                        44                                                                                       28      269   341   

### Mortality (secondary outcome) and clinical factors {#sec028}

There was potentially good survival chance for the patients who were checked for presence or absence of respiratory distress (proportion of respiratory distress checked and survived (223/341) = 0.654 Vis a Vis proportion of those whose respiratory distress not checked and survived (70/341) = 0.205). This meant that 1 in every 5 patients checked for respiratory distress survived. Patients who were assessed for danger signs with main symptoms of (cough, diarrhea, fever, ear problem) were 3.15 times more likely to survive than those who were not assessed (OR = 3.15, P value = 0.007, 95%CI (1.38, 7.18).

Relationship between treatment outcome and demographic factors (n = 72) {#sec029}
-----------------------------------------------------------------------

### Primary treatment outcome and demographic factors {#sec030}

Gender and age significantly influenced the primary NMFI treatment outcome (p-values \<0.05), see [Table 5](#pone.0217980.t005){ref-type="table"}.

10.1371/journal.pone.0217980.t005

###### Treatment outcome and demographic variables.

![](pone.0217980.t005){#pone.0217980.t005g}

  Demographic Variables                        Treatment outcome   P-value   Bivariate OR (95% CI)   P-value           Multivariate OR (95% CI)   
  -------------------------------------------- ------------------- --------- ----------------------- ----------------- -------------------------- ------------------
  Gender                                                                                                                                          
   Male                                        16                  19                                0.51(0.19,1.34)   0.024                      0.21(0.05, 0.89)
   Female                                      12                  25                                                                             
  Age groups                                                                                                                                      
   \<1 Reference age group (p-value = 0.002)                                                                                                      
   1                                           9                   11                                0.07(0.01,0.68)   0.015                      0.05 (0,0.55)
   2                                           8                   3                                 0.03(0,0.28)      0.001                      0.01 (0,0.17)
   3                                           6                   8                                 0.09(0.01,0.87)   0.039                      0.07(0.01,0.88)
   4                                           4                   6                                 0.1 (0.01,1.09)   0.071                      0.09(0.01,1.22)
   5                                           N/A                                                                                                

C- Correct; I- Incorrect; OR- Odds ratio; CI- Confidence interval **(n = 72)**

### Gender and prescription of antimalarial drugs after negative microscopy result {#sec031}

The gender of the patients was significantly associated with prescription of antimalarial treatment after negative microscopy results (P value = 0.024, OR = 0.21, CI (0.05, 0.89)). Data revealed that a male patient was 0.21 times less likely to receive an antimalarial after negative microscopy results compared to female patients, see [Table 5](#pone.0217980.t005){ref-type="table"}. The manner in which male and female patients received antimalarial treatment after negative microscopy was not significantly different (P value = 0.267), see [Table 6](#pone.0217980.t006){ref-type="table"}.

10.1371/journal.pone.0217980.t006

###### Gender and correct prescription of the antimalarial drugs.

![](pone.0217980.t006){#pone.0217980.t006g}

                     Was the child correctly prescribed an antimalarial after a positive microscopy result?   Total               
  ------------------ ---------------------------------------------------------------------------------------- ------- ----- ----- -----
  Patient's Gender   Female                                                                                   25      12    118   155
  Male               19                                                                                       16      151   186   
  Total              44                                                                                       28      269   341   

### Age and prescription of antimalarial drugs after positive microscopy result {#sec032}

The age of the patients was significantly associated with prescription of antimalarial treatment after negative microscopy results (X-squared = 10.221, df = 4, P value = 0.03686), see [Table 7](#pone.0217980.t007){ref-type="table"}.

10.1371/journal.pone.0217980.t007

###### Age, demographics and prescription of the antimalarial drugs.

![](pone.0217980.t007){#pone.0217980.t007g}

                                                  Was the child correctly prescribed an antimalarial after a positive microscopy result?   P-Values (from multi variate)                             
  ----------------------------------------------- ---------------------------------------------------------------------------------------- ------------------------------- ----- ------------------- -----------
  What is the age of the patient at assessment?   **1 year**                                                                               11                              9     89                  **0.015**
  **2 years**                                     3                                                                                        8                               30    **0.001**           
  **3 years**                                     8                                                                                        6                               25    **0.039**           
  **4 years**                                     6                                                                                        4                               15    **(0.071)**         
  **5 years**                                     0                                                                                        0                               7     **-**               
  **\<1 year**                                    16                                                                                       1                               175   **Reference age**   
  Total                                           44                                                                                       28                              341                       

With reference to patients aged under 1 year (\< 1 year), a patient aged 1 year was 0.05 times less likely to receive antimalarial treatment after negative microscopy results, those aged 2 years were 0.01 times less likely to receive antimalarial treatment after positive microscopy results, aged 3 years were 0.07 times less likely to receive antimalarial treatment after negative microscopy results while those aged 4 years were 0.09 times less likely to receive correct anti-malarial treatment after negative microscopy results.

### Secondary outcome and demographic factors (n = 72) {#sec033}

[**Gender and mortality**]{.ul}. More females (29) than males (19) succumbed to death in under-five patients at KNH during this period of study. The gender of the patients was significantly associated with the mortality (P value = 0.025).

Summary {#sec034}
-------

The study sample comprised majority males and children aged one year and under.

Majority of the clinical factors (exposures) were assessed at admission, including; hours since fever onset, immunization cards, temperature, danger signs, respiratory distress, pallor, jaundice and sunken eyes, and lethargy, prostration, unconsciousness or either irritability and restlessness.

Outcomes included; 28(8.2%) of the children were correctly prescribed an antimalarial after positive microscopy results, while 44(12.9%) were prescribed an antimalarial despite a negative microscopy result. Mortality was the secondary outcome and was reported among 14.1% of the children.

Among the clinical factors; assessment of presence or absence of respiratory distress significantly affected treatment of patients with a negative microscopy with an antimalarial, as it decreased the prescription of an antimalarial to those with a negative microscopy by 0.13 times. Assessment of danger signs was also noted to increase the chances of survival by 3.15 times compared to those who were not assessed.

Demographic factors, gender and age significantly influenced the primary treatment outcome. A male patient was 0.21 times less likely to receive antimalarial treatment after negative microscopy result compared to female patients. Patients aged \<1 year were more likely to receive antimalarial treatment after negative microscopy results compared to those aged ≥1 year. Children aged 2 years were less likely to receive antimalarial treatment after negative microscopy results compared to ages 1,3 and 4.

It was also noted that a significant number of females succumbed to death than males.

Discussion {#sec035}
==========

Implications of the findings {#sec036}
----------------------------

### Incorrect prescription of antimalarial drugs for treatment of NMFIs {#sec037}

Of the 72 children in this study who were prescribed an antimalarial drug, 12.9% (44) had laboratory and treatment reports in their medical records that indicated that they had been prescribed with an antimalarial medication despite testing negative for malaria according to the microscopic examination.

The prescription of antimalarial medication despite negative microscopy results is similar to other studies that reported cases of prescription of antimalarial medications to febrile under-fives who were negative for malaria. A study in Lagos, Nigeria \[[@pone.0217980.ref008]\] reported over diagnosis of malaria and subsequent presumptive treatment in the under-five group. Out of the 1028 0-≤5 years old children tested microscopically for malaria only 174 (16.9%) tested positive, though all the children received antimalarial as per IMCI guidelines. This gave an overtreatment of 83.1% which is quite high compared to this study's overtreatment of 12.9%, though a smaller sample size was used in this study and the areas have different malaria endemicity. Almost similar rates were found in a study on prescription practices for NMFI among under-fives in the Lake Zone, Tanzania. Over prescription of antimalarial drugs was at 12% similar to this study's 12.9%, while 14% of under-fives had a correct diagnosis of malaria and prescribed an antimalarial which was slightly higher than this study's 8.2% \[[@pone.0217980.ref009]\]. In south eastern Nigeria a study also demonstrated an overtreatment of 72.1% with antimalarial medication in a study population of 560 children. These children were also prescribed an antimalarial drug despite testing negative for malaria \[[@pone.0217980.ref030]\]. Incorrect treatment of NMFIs with antimalarial drugs is likely to contribute to increased incidences of antimalarial drug resistance as well as failure to treat the actual underlying causes of fever resulting in increasing morbidities and even mortalities contributing to increased patient costs \[[@pone.0217980.ref008],[@pone.0217980.ref012]\]. Current WHO guidelines recommend parasitological diagnosis before prescription of antimalarial, but from this study and others, there seems to be a lack of confidence by the prescribing health care workers on the microscopy results received, together with non-adherence to the guidelines. This could be brought about by their previous adherence to the IMCI guidelines on treating all febrile patients with antimalarial medication and reliance on clinical rather than laboratory diagnosis.

### Incorrect NMFI treatment and mortality {#sec038}

Early detection of children at the highest risk of dying and providing the correct diagnosis and early treatment, aids in the prevention of further morbidities and even mortalities. The clinical signs and symptoms of malaria can be confused with numerous other febrile causing etiologies such as pneumonia, typhoid, dengue, chikungunya and other bacterial and viral infections. Over-diagnosis and overtreatment of malaria leads to under diagnosis of NMFI. Lack of proper NMFI treatment may lead to increased morbidities and could have contributed to the 11.4% mortalities in the group that were prescribed an antimalarial despite negative microscopy in this study. A study in a tertiary referral center in Ghana did prospective data collection followed by retrospective analysis of blood culture. The findings concluded that patients who presented with WHO signs and symptoms of severe malaria but had a negative microscopy results had high mortality due to a higher risk of bacterial sepsis \[[@pone.0217980.ref013]\].

### Clinical and demographic factors associated with treatment with antimalarial drugs {#sec039}

Several factors have been reported to predict the prescription of antimalarial drugs to children despite testing negative for malaria. Children who have been established to show signs and symptoms of severe disease are more likely to be prescribed an antimalarial despite negative malaria test results as the clinicians try to avoid an opportunity to prevent further morbidity or mortality due to unavailability of diagnostics that could correctly identify the NMFI \[[@pone.0217980.ref015]\]. A demographic survey and malaria surveillance study in the Kenyan highlands \[[@pone.0217980.ref014]\], demonstrated that fever and headache were common clinical symptoms for presumptive treatment with an antimalarial in under-five children. In a cross-sectional hospital based study in Sudan, apart from the clinicians' request for a malaria test, there were no clinical or demographic factors associated with the clinicians' antimalarial prescription \[[@pone.0217980.ref031]\]. In a study conducted in Western Kenya, assessment of ≥1 IMCI danger signs increased the chances of antimalarial treatment \[[@pone.0217980.ref015]\]. A cross-sectional observational study of under-five children conducted in Borno state Nigeria also provided contrasting results, reporting that the probability of incorrectly prescribing an antimalarial to NMFI patients based on empirical clinical diagnosis was at 71%, with no specific factors significantly associated. Demographic factors also did not show any difference between proportion of male and female febrile children aged less than 60 months who were prescribed antimalarial drugs having tested negative for malaria \[[@pone.0217980.ref017]\]. The differences in the conclusions observed could be due to the different populations assessed and malaria endemicity of the regions studied.

Strengths of the study {#sec040}
----------------------

Use of a cross-sectional study enabled the study of multiple outcomes and exposures and adequately answered the generated hypotheses.

The study assessed the patients' outcome data which was included in the secondary outcome variable as deceased or not deceased. It revealed a mortality rate of 14.1%, with 11.4% of these total mortalities being from the group that was incorrectly prescribed an antimalarial despite negative microscopy. This provides a better understanding on the need to provide correct diagnosis and treatment of NMFIs, to achieve the SDGs on reducing infant mortality rate.

Limitations of the study {#sec041}
------------------------

The study is not able to look at the reasons behind the health practitioners prescribing antimalarial medication to patients with negative microscopy tests. This would have been better achieved with a qualitative study.

Factors such as the level of training of the clinicians, supervision, the laboratory capacity, expectations of the patients were not taken in account which could all possibly affect the prescription practices.

The study was done at Kenyatta National Hospital, one of the tertiary referral hospitals in Kenya hence it receives many sick children, limiting the generalizability of the findings to the rest of the Kenya.

The study did not collect any data on previous use of antimalarial or antibiotic medications before referral to KNH, and this could be a major influence on the clinicians' prescription practice.

Conclusion {#sec042}
==========

This study supports that clinical and demographic factors such as age, gender and assessment of presence or absence of respiratory distress are predictors of prescription of antimalarial drugs in under-fives. Tackling the NMFI challenge requires a concerted effort, to eliminate incorrect treatment with antimalarial medication, while ensuring correct diagnosis and treatment of the specific illness occurs.

It has been repeatedly showcased that inadequate management of NMFIs, is a major cause of morbidities and mortalities among under-fives, especially in Sub-Saharan Africa. This study has shown that clinical and demographic factors play a role in treatment type of NMFI and survival outcomes; with a proportion of the 14.1% of the mortalities in this study postulated to be associated with delayed diagnosis and incorrect treatment of NMFI. There is a need for further exploration to ascertain factors that affect treatment type, together with factors that influence the prescribing physicians, and their knowledge and attitudes on NMFI treatment.

Adherence to diagnostic and treatment guidelines in management of febrile children, will assist in the delineation of non-malaria febrile illnesses. This brings about a subsequent need to create and implement guidelines on the correct diagnosis and management of these NMFIs.

Supporting information {#sec043}
======================

###### Non-malarial febrile illness clinical assessment questionnaire.

(PDF)
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Click here for additional data file.
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